Introduction {#Sec1}
============

Chronic kidney disease (CKD) is the leading risk factor for cardiovascular disease (CVD), a great threat to health and an economic burden \[[@CR1]\]. In Japan, the prevalence of end-stage kidney disease (ESKD) requiring renal replacement therapy has been increasing over the last three decades. There were 38,893 new cases in 2010, bringing the total number of cases in Japan to 304,592 \[[@CR2]\]. Since the number of patients requiring dialysis has continued to increase \[[@CR3]\], there appear to be an enormous number of latent cases of CKD in the Japanese population. In a recent study, Imai et al. reported the prevalence of CKD by calculating the estimated glomerular filtration rate (eGFR) using an equation that estimates GFR based on data from the Japanese annual health check program in 2005 \[[@CR4]\]. They predicted that 13 % of the Japanese adult population (approximately 13.3 million people) would have CKD in 2005. CKD frequently progresses and becomes severe over time, but the factors that are responsible for the progression of CKD need further elucidation \[[@CR5]\].

Renal dysfunction and albuminuria in CKD patients have been established as a risk factor for cardiovascular (CV) events independent of conventional CV risk factors \[[@CR6]--[@CR8]\]. Population-based studies in Western and Asian countries have shown that the risk of CVD increases as renal function declines. Because of this finding, the National Kidney Foundation formed a task force to heighten awareness of CVD in CKD, and defined CKD using parameters such as decreased eGFR \< 60 ml/min/1.73 m^2^. A cohort of CKD patients treated by nephrologists is required to accurately analyze renal and CV events. However, few studies have been conducted on the prevalence of left ventricular hypertrophy (LVH) in a predialysis population \[[@CR9]--[@CR12]\].

The aim of the present study was to clarify whether there is a close correlation between the prevalence of LVH and the stage of CKD classified according to eGFR and to identify factors related to LVH among the participants in the Chronic Kidney Disease Japan Cohort (CKD-JAC) \[[@CR13]\].

Subjects and methods {#Sec2}
====================

Inclusion and exclusion criteria {#Sec3}
--------------------------------

Baseline characteristics of CKD-JAC are described elsewhere \[[@CR14]\]. The following inclusion criteria were used at screening: (1) Japanese or Asian patients living in Japan; (2) age 20--75 years; and (3) a broad spectrum of CKD with eGFR of 10--59 ml/min/1.73 m^2^. eGFR was calculated using a modified three-variable equation for eGFR in Japanese patients \[[@CR15]\]: eGFR = 194 × age^−0.287^ × sCr^−1.094^ (×0.739, if female), where sCr = serum creatinine.

All patients were classified on the basis of CKD stage as described in our previous paper \[[@CR13]\]. The following patients were excluded from participation: (1) patients with polycystic kidney disease, human immunodeficiency virus (HIV) infection, liver cirrhosis, active cancer, and patients who had received cancer treatment within the past 2 years; (2) transplant recipients and patients who had previously been on long-term dialysis; (3) patients who refused to provide informed consent.

Information on past medical history, including hypertension, acute myocardial infarction, angina pectoris, congestive heart failure, peripheral arterial disease, cerebrovascular disease, and prescription of antihypertensive agents, including angiotensin-converting enzyme (ACE) inhibitors, angiotensin receptor blockers (ARBs), calcium channel blockers (CCBs), diuretics, and β-blockers, statins, and antiplatelet agents, was collected from the medical records at each institution.

Blood pressure and echocardiographic measurements {#Sec4}
-------------------------------------------------

Blood pressure (BP) was measured in outpatient clinics with an automated sphygmomanometer after a 5-min rest. BP in the right arm was measured three times at intervals of 1 min, and the mean values were used for analyses. A mercury sphygmomanometer was used to measure the BP of patients who had frequent premature contractions, atrial fibrillation, or atrial flutter. Pulse pressure was calculated by subtracting diastolic BP from systolic BP. A 2-dimensional guided M-mode echocardiographic study was performed at each institution. Measurements included the diastolic thickness of the interventricular septum (IVST) and left ventricular posterior wall (PWT), and the internal diameter of the left ventricle at the end of diastole (LVDd) and the end of systole (LVDs). The modified Penn cube formula was used to calculate LV mass \[[@CR16]\]: (\[1.04 × (0.1 × IVST) + (0.1 × PWT)\] × 3 − \[(0.1 × LVDd) × 3\] × 8 + 0.6, and LV mass was adjusted for body surface area (LVMI). LVH was defined as LVMI \> 125 g/m^2^ in men and \>110 g/m^2^ in women \[[@CR17]\].

Definitions of hypertension, diabetes and dyslipidemia {#Sec5}
------------------------------------------------------

Hypertension was defined as systolic BP ≥ 140 mmHg and/or diastolic BP ≥ 90 mmHg or taking an antihypertensive agent. Diabetes mellitus (DM) was defined as HbA1C ≥ 6.5 % or taking an antidiabetic agent. Diabetic patients were identified as those with diabetic nephropathy as the primary cause of CKD. Dyslipidemia was defined as serum triglyceride level \>150 mg/dl, or serum high-density lipoprotein (HDL) cholesterol level \<40 mg/dl in men and \<50 mg/dl in women.

Collection of biological samples and measurements {#Sec6}
-------------------------------------------------

Whole blood, serum, and urine samples were collected for measurement of serum Cr and cystatin C, HbA1c, intact parathyroid hormone (iPTH), and urinary albumin and Cr levels at a central laboratory. Urinary albumin excretion was expressed as the albumin to Cr ratio (ACR). HbA1c was measured by the JDS method, and the value was converted to the A1C value measured by the NGSP method by adding 0.4 % as determined by the Japanese Diabetes Society. Each clinical center measured serum Cr at each visit. A 24-h urine specimen was collected from each patient once a year to measure the amount of proteinuria.

Statistical analysis {#Sec7}
--------------------

All variables are reported as mean ± SD and frequency. Descriptive statistics of baseline characteristics were calculated by CKD stage, sex, and the presence or absence of LVH. CKD stages were defined according to the patient's eGFR. Chi-squared test and Student's *t* test or one way analysis of variance (ANOVA) were used to detect between-group differences. ACR values had a skewed distribution, and were log-transformed to achieve a normal distribution. Logistic linear regression was used to investigate the relation of LVMI to eGFR, BMI, and log ACR. Univariate logistic regression analyses were performed in an attempt to identify factors related to LVH. Multivariate logistic regression analyses were used to identify independent variables related to LVH. We considered some variables that had a *P* value \<0.10 in univariate logistic regression analyses as independent variables for multivariate logistic regression analyses. The model included the variables as follows: sex, smoking status, complications of DM, dyslipidemia and hypertension, past history of congestive heart failure, systolic and diastolic BPs, pulse pressure, BMI, eGFR, uric acid, ACR, A1C, iPTH, HDL cholesterol, triglyceride, calcium, phosphorus, and prescription of antihypertensive agents. The two-sided 95 % confidence interval (CI) and odds ratio (OR) were calculated by estimation. A two-sided probability level of 5 % was considered significant. All statistical analyses were performed using the SAS software program for Windows (SAS Inc. Japan, Tokyo, Japan).

Results {#Sec8}
=======

Baseline demographics and clinical characteristics of participants according to eGFR level {#Sec9}
------------------------------------------------------------------------------------------

The baseline characteristics of the 2977 participants in the CKD-JAC study have been described previously \[[@CR13]\]. Of them, the subjects in this study, i.e., those who were examined by echocardiography (UCG), consisted of 755 Japanese men (63.7 %) and 430 Japanese women (36.3 %), 489 (41.3 %) and 918 (77.5 %) of whom had DM and dyslipidemia, respectively. Most of the subjects had hypertension (1051, 88.7 %) and were being treated with an antihypertensive agent (1095, 92.4 %), most of them (83.1 %) with ACE inhibitors (302, 25.5 %)/ARBs (901, 76.0 %), as shown in Table [1](#Tab1){ref-type="table"}.Table 1Baseline characteristics of study population by eGFRVariableAll patientseGFR (ml/min/1.73 m^2^)*P* valueStage 3aStage 3bStage 4Stage 5≥4530 to \<4515 to \<30\<15*N*1185136383464202Age (years)61.8 ± 11.156.7 ± 12.861.4 ± 11.462.9 ± 10.463.5 ± 9.8\<0.001Sex \[*n* (%)\]0.888 Male755 (63.7)86 (63.2)246 (64.2)299 (64.4)124 (61.4) Female430 (36.3)50 (36.8)137 (35.8)165 (35.6)78 (38.6)Medical history \[*n* (%)\] Hypertension1051 (88.7)113 (83.1)328 (85.6)429 (92.5)181 (89.6)0.002 Diabetes489 (41.3)57 (41.9)151 (39.4)191 (41.2)90 (44.6)0.691 Dyslipidemia918 (77.5)106 (77.9)292 (76.2)363 (78.2)157 (77.7)0.916 Cardiovascular disease  MI80 (6.8)8 (5.9)23 (6.0)33 (7.1)16 (7.9)0.792  Angina129 (10.9)10 (7.4)42 (11.0)50 (10.8)27 (13.4)0.386  Congestive heart failure67 (5.7)4 (2.9)21 (5.5)27 (5.8)15 (7.4)0.375  ASO43 (3.6)3 (2.2)9 (2.3)21 (4.5)10 (5.0)0.199  Stroke147 (12.4)18 (13.2)46 (12.0)55 (11.9)28 (13.9)0.881BMI (kg/m^2^)23.6 ± 3.824.1 ± 3.323.7 ± 3.923.5 ± 3.823.4 ± 3.60.594Blood pressure (mmHg) Systolic132.4 ± 18.1130.8 ± 17.3129.6 ± 17.5133.3 ± 18.2136.9 ± 18.2\<0.001 Diastolic75.9 ± 11.876.0 ± 10.975.1 ± 11.676.1 ± 11.976.7 ± 12.60.255Pulse pressure (mmHg)56.5 ± 13.954.8 ± 14.154.5 ± 13.557.2 ± 14.060.1 ± 13.6\<0.001Creatinine (mg/dl)2.18 ± 1.091.09 ± 0.171.43 ± 0.252.31 ± 0.534.05 ± 0.87\<0.001eGFR (mL/min/1.73 m^2^)28.61 ± 12.6350.78 ± 5.2637.12 ± 4.1922.39 ± 4.2911.85 ± 1.91\<0.001Uric acid (mg/dl)7.21 ± 1.516.48 ± 1.397.01 ± 1.327.42 ± 1.547.59 ± 1.65\<0.001Urinary protein (g/day)1.545 ± 2.1280.818 ± 1.8161.206 ± 2.0571.640 ± 2.1662.342 ± 2.096\<0.001Urinary albumin (mg/gCr)1064.4 ± 1512.3538.7 ± 958.5834.4 ± 1562.11176.4 ± 1446.31596.2 ± 1677.2\<0.001Total chol (mg/dl)194.3 ± 43.6200.0 ± 37.1197.2 ± 47.0193.4 ± 41.0187.1 ± 45.90.032Non-HDL chol (mg/dl)140.7 ± 42.1141.8 ± 37.0142.4 ± 44.8140.7 ± 39.3136.7 ± 45.90.558LDL chol (mg/dl)110.6 ± 34.2115.7 ± 28.4112.3 ± 37.9109.5 ± 32.1106.3 ± 34.50.169HDL chol (mg/dl)53.9 ± 18.358.6 ± 18.955.4 ± 18.852.8 ± 17.750.4 ± 17.00.008Triglyceride (mg/dl)170.3 ± 115.2165.3 ± 139.1165.9 ± 108.7175.4 ± 121.4170.4 ± 93.70.499Calcium (mg/dl)9.01 ± 0.559.26 ± 0.439.12 ± 0.509.01 ± 0.508.66 ± 0.66\<0.001Phosphorus (mg/dl)3.53 ± 0.693.27 ± 0.563.29 ± 0.583.56 ± 0.624.05 ± 0.77\<0.001iPTH (pg/ml)105.6 ± 83.755.2 ± 23.967.1 ± 34.7106.4 ± 58.9208.9 ± 122.8\<0.001CRP (mg/dl)0.27 ± 0.960.15 ± 0.360.24 ± 0.520.27 ± 0.770.39 ± 1.840.271A1C (%)5.98 ± 0.936.05 ± 1.026.07 ± 1.035.93 ± 0.845.86 ± 0.830.028Hemoglobin (g/dl)12.14 ± 1.8413.30 ± 1.7512.98 ± 1.8011.69 ± 1.5510.84 ± 1.38\<0.001Medication \[*n* (%)\] Antihypertensive agent1095 (92.4)115 (84.6)351 (91.6)437 (94.2)192 (95.1)0.001  ARB901 (76.0)100 (73.5)283 (73.9)362 (78.0)156 (77.2)0.509  ACEI302 (25.5)25 (18.4)104 (27.2)135 (29.1)38 (18.8)0.007  CCB685 (57.8)63 (46.3)194 (50.7)290 (62.5)138 (68.3)\<0.001  β-Blocker315 (26.6)28 (20.6)81 (21.1)137 (29.5)69 (34.2)0.001 Statin510 (43.0)68 (50.0)163 (42.6)195 (42.0)84 (41.6)0.331 Diuretic403 (34.0)24 (17.6)119 (31.1)172 (37.1)88 (43.6)\<0.001 Antiplatelet424 (35.8)37 (27.2)141 (36.8)166 (35.8)80 (39.6)0.136*MI* myocardial infarction, *ASO* arteriosclerosis obliterans, *BMI* body mass index, *chol* cholesterol, *LDL* low-density lipoprotein, *HDL* high-density lipoprotein, *iPTH* intact parathyroid hormone, *CRP* C-reactive protein, *ARB* angiotensin receptor blocker, *ACEI* angiotensin-converting enzyme inhibitor, *CCB* calcium channel blocker

CKD was stage 3a in 136 patients (11.5 %), stage 3b in 383 patients (32.3 %), stage 4 in 464 patients (39.2 %), and stage 5 in 202 patients (17.0 %) (Table [1](#Tab1){ref-type="table"}). The prevalence of CVD comorbidity tended to be inversely proportional to eGFR, but the correlation did not reach statistical significance. The groups with stage 4--5 CKD were older, and had higher systolic BP and pulse pressure, a higher prevalence of hyperuricemia and anemia, and higher grades of proteinuria and albuminuria than the groups with stage 3a and 3b CKD, and serum levels of phosphorus, and iPTH in stage 4 and 5 CKD patients were significantly higher than those in stage 3a and 3b CKD patients. Antihypertensive agents, including ACE inhibitors and CCBs, statins, and antiplatelet agents were frequently administered in the groups of patients with stage 3b and 4 CKD.

Analysis by sex {#Sec10}
---------------

Since the proportion of male subjects was 63.7 % in the study population, sex may have affected the results of the present study. As shown in Table [2](#Tab2){ref-type="table"}, female subjects were younger (60.8 ± 11.7 vs. 62.4 ± 10.7 years, *P* = 0.0160), and had a lower prevalence of hypertension (84.9 vs. 90.9 %, *P* = 0.0018), DM (36.7 vs. 43.8 %, *P* = 0.0170), and past history of myocardial infarction (1.9 vs. 9.5 %, *P* \< 0.0001) and stroke (8.4 vs. 14.7 %, *P* = 0.0015) than male subjects. In addition, female subjects had lower BMI (23.2 ± 4.1 vs. 23.9 ± 3.5 kg/m^2^, *P* = 0.0016), lower serum levels of Cr (1.84 ± 0.90 vs. 2.38 ± 1.13 mg/dl, *P* \< 0.0001) and uric acid (6.90 ± 1.51 vs. 7.38 ± 1.49 mg/dl, *P* \< 0.0001), and lower hemoglobin concentration (11.53 ± 1.54 vs. 12.49 ± 1.91 g/dl, *P* \< 0.0001) than male subjects. However, there was no significant sex difference in eGFR (28.61 ± 13.00 vs. 28.61 ± 12.43 ml/min/1.73 m^2^, *P* = 0.9986). Female subjects had higher serum levels of lipids, including total cholesterol (207.6 ± 45.3 vs. 186.6 ± 40.7 mg/dl, *P* \< 0.0001), non-HDL cholesterol (147.9 ± 44.3 vs. 136.6 ± 40.3 mg/dl, *P* \< 0.0001), low-density lipoprotein (LDL) cholesterol (118.1 ± 35.2 vs. 106.3 ± 32.9 mg/dl, *P* \< 0.000), and HDL cholesterol (60.8 ± 19.3 vs. 50.0 ± 16.4 mg/dl, *P* \< 0.0001), and lower serum triglyceride level (160.5 ± 106.0 vs. 175.8 ± 119.8 mg/dl, *P* = 0.0358). Lower percentages of female subjects were prescribed antihypertensive agents, including CCBs and β-blockers, statins and antiplatelet agents. As shown in Table [5](#Tab5){ref-type="table"}, menopause was not significantly associated with LVMI (OR 1.269; 95 % CI 0.858--1.877; *P* = 0.233) by univariate logistic regression analyses.Table 2Baseline characteristics of study population by sexVariableAll patientsSex*P* valueFemaleMale*N*1185430755\<0.001Age (years)61.8 ± 11.160.8 ± 11.762.4 ± 10.70.016Medical history \[*n* (%)\] Hypertension1051 (88.7)365 (84.9)686 (90.9)0.002 Diabetes489 (41.3)158 (36.7)331 (43.8)0.017 Dyslipidemia918 (77.5)323 (75.1)595 (78.8)0.144 Cardiovascular disease  MI80 (6.8)8 (1.9)72 (9.5)\<0.001  Angina129 (10.9)30 (7.0)99 (13.1)0.001  Congestive heart failure67 (5.7)19 (4.4)48 (6.4)0.165  ASO43 (3.6)9 (2.1)34 (4.5)0.033  Stroke147 (12.4)36 (8.4)111 (14.7)0.002BMI (kg/m^2^)23.6 ± 3.823.2 ± 4.123.9 ± 3.50.002Blood pressure (mmHg) Systolic132.4 ± 18.1131.2 ± 18.7133.1 ± 17.60.081 Diastolic75.9 ± 11.874.8 ± 12.076.5 ± 11.70.017Pulse pressure (mmHg)56.5 ± 13.956.4 ± 14.456.6 ± 13.70.776Creatinine (mg/dl)2.18 ± 1.091.84 ± 0.902.38 ± 1.13\<0.001eGFR (ml/min/1.73 m^2^)28.61 ± 12.6328.61 ± 13.0028.61 ± 12.430.999Uric acid (mg/dl)7.21 ± 1.516.90 ± 1.517.38 ± 1.49\<0.001Urinary protein (g/day)1.55 ± 2.131.30 ± 1.911.665 ± 2.220.081Urinary albumin (mg/gCr)1064.4 ± 1512.31013.0 ± 1593.81093.8 ± 1464.00.386Total chol (mg/dl)194.3 ± 43.6207.6 ± 45.3186.6 ± 40.7\<0.001Non-HDL chol (mg/dl)140.7 ± 42.1147.9 ± 44.3136.55 ± 40.3\<0.001LDL chol (mg/dl)110.6 ± 34.2118.1 ± 35.2106.3 ± 32.9\<0.001HDL chol (mg/dl)53.9 ± 18.360.8 ± 19.350.0 ± 16.4\<0.001Triglyceride (mg/dl)170.3 ± 115.2160.5 ± 106.0175.8 ± 119.80.036Calcium (mg/dl)9.01 ± 0.559.13 ± 0.548.95 ± 0.55\<0.001Phosphorus (mg/dl)3.53 ± 0.693.77 ± 0.623.38 ± 0.68\<0.001iPTH (pg/ml)105.6 ± 83.7109.3 ± 88.0103.4 ± 81.10.253CRP (mg/dl)0.27 ± 0.960.21 ± 0.440.30 ± 1.160.145A1C (%)5.98 ± 0.935.98 ± 0.995.98 ± 0.890.966Hemoglobin (g/dl)12.14 ± 1.8411.53 ± 1.5412.49 ± 1.91\<0.001Medication \[*n* (%)\] Antihypertensive agent1095 (92.4)383 (89.1)712 (94.3)0.001  ARB901 (76.0)313 (72.8)588 (77.9)0.070  ACEI302 (25.5)103 (24.0)199 (26.4)0.394  CCB685 (57.8)223 (51.9)462 (61.2)0.003  β-Blocker315 (26.6)97 (22.6)218 (28.9)0.002 Statin510 (43.0)214 (49.8)296 (39.2)\<0.001 Diuretic403 (34.0)141 (32.8)262 (34.7)0.553 Antiplatelet424 (35.8)124 (28.8)300 (39.7)\<0.001

Comparison of study population with and without LVH according to CKD stage and sex {#Sec11}
----------------------------------------------------------------------------------

LVMI in each of the four groups of CKD patients according to eGFR is shown in Fig. [1](#Fig1){ref-type="fig"}, and tended to increase with the stage of CKD (*P* = 0.0005 in men, *P* = 0.0016 in women). The prevalence of LVH was 257 of 1185 (21.7 %) of the study population (Table [3](#Tab3){ref-type="table"}). Men had a higher prevalence of LVH than women (15.9 vs 5.7 %).Fig. 1Comparison of left ventricular mass index (LVMI) in the different subgroups of CKD patients according to their degree of renal dysfunction Table 3Baseline characteristics of study population by LVHVariableAll patientsLVH*P* valueLVH (+)LVH (−)*N*1185257928Age (years)61.8 ± 11.162.1 ± 10.561.8 ± 11.20.690Medical history \[*n* (%)\]Hypertension1051 (88.7)245 (95.3)806 (86.9)\<0.001 Diabetes489 (41.3)131 (51.0)358 (38.6)\<0.001 Dyslipidemia918 (77.5)211 (82.1)707 (76.2)0.045 Cardiovascular disease  MI80 (6.8)10 (3.9)45 (4.9)0.518  Angina129 (10.9)19 (7.4)95 (10.2)0.171  Congestive heart failure67 (5.7)4 (1.6)35 (3.8)0.078  ASO43 (3.6)9 (3.5)27 (2.9)0.624  Stroke147 (12.4)22 (8.6)100 (10.8)0.301BMI (kg/m^2^)23.6 ± 3.825.2 ± 3.823.2 ± 3.6\<0.001Blood pressure (mmHg) Systolic132.4 ± 18.1137.7 ± 19.3131.0 ± 17.4\<0.001 Diastolic75.9 ± 11.877.5 ± 12.675.4 ± 11.60.013Pulse pressure (mmHg)56.5 ± 13.960.1 ± 15.555.5 ± 13.3\<0.001Creatinine (mg/dl)2.18 ± 1.092.49 ± 1.262.09 ± 1.01\<0.001eGFR (ml/min/1.73 m^2^)28.61 ± 12.6326.1 ± 12.629.3 ± 12.6\<0.001Uric acid (mg/dl)7.21 ± 1.517.38 ± 1.497.16 ± 1.510.046Urinary protein (mg/day)1.55 ± 2.131.49 ± 3.301.33 ± 1.720.557Urinary albumin (mg/gCr)1064.4 ± 1512.31472.5 ± 1739.6950.5 ± 1423.8\<0.001Total chol (mg/dl)194.3 ± 43.6190.7 ± 46.6195.2 ± 42.70.163Non-HDL chol (mg/dl)140.7 ± 42.1141.5 ± 43.7140.4 ± 42.60.744LDL chol (mg/dl)110.6 ± 34.2111.8 ± 35.6110.2 ± 33.80.545HDL chol (mg/dl)53.9 ± 18.349.4 ± 15.455.2 ± 18.8\<0.001Triglyceride (mg/dl)170.3 ± 115.2195.2 ± 138.9163.3 ± 106.8\<0.001Calcium (mg/dl)9.01 ± 0.558.87 ± 0.679.05 ± 0.51\<0.001Phosphorus (mg/dl)3.53 ± 0.693.61 ± 0.793.50 ± 0.660.046iPTH (pg/ml)105.6 ± 83.7124.0 ± 100.9100.2 ± 77.3\<0.001CRP (mg/dl)0.27 ± 0.960.33 ± 1.000.25 ± 0.950.245A1C (%)5.98 ± 0.936.08 ± 1.005.95 ± 0.900.035Hemoglobin (g/dl)12.14 ± 1.8412.08 ± 2.1112.16 ± 1.760.521Medication \[*n* (%)\] Antihypertensive agent1095 (92.4)250 (97.3)845 (91.1)\<0.001  ARB901 (76.0)203 (79.3)698 (79.9)0.252  ACEI302 (25.5)70 (27.3)232 (25.2)0.491  CCB685 (57.8)187 (73.1)498 (54.1)\<0.001  β-Blocker315 (26.6)68 (26.6)141 (15.3)\<0.001 Statin510 (43.0)82 (33.1)345 (37.7)0.179 Diuretic403 (34.0)110 (43.0)293 (31.9)\<0.001

The demographic and biochemical parameters of the study population are compared in Table [4](#Tab4){ref-type="table"}. Female subjects with LVH had a higher prevalence of DM (52.9 vs. 33.7 %, *P* = 0.003), higher BMI (24.5 ± 4.2 vs. 22.9 ± 4.1 kg/m^2^, *P* = 0.004), higher systolic BP (135.5 ± 19.6 vs. 130.4 ± 18.5 mmHg, *P* = 0.043), lower eGFR (24.4 ± 10.7 vs. 29.4 ± 13.3 ml/min/1.73 m^2^, *P* = 0.003), and higher ACR (1515.4 ± 1802.7 vs. 916.0 ± 1534.2 mg/gCr, *P* = 0.005) than female subjects without LVH. In addition, female subjects with LVH had lower serum calcium level (8.94 ± 0.70 vs. 9.16 ± 0.50 mg/dl, *P* = 0.004), and higher serum levels of phosphorus (3.95 ± 0.72 vs. 3.74 ± 0.60 mg/dl, *P* = 0.015) and iPTH (132.4 ± 117.0 vs. 104.9 ± 80.8 mg/dl, *P* = 0.019) than female subjects without LVH. Moreover, higher proportions of female subjects with LVH were being treated with ACE inhibitors (33.8 vs. 22.1 %, *P* = 0.036), CCBs (75.0 vs. 47.5 %, *P* \< 0.001), β-blockers (25.0 vs. 13.3 %, *P* = 0.013), and diuretics (51.5 vs. 29.3 %, *P* = 0.001).Table 4Baseline characteristics of study population by sex and LVHVariableAll patientsFemale*P* valueMale*P* valueLVH (+)LVH (−)LVH (+)LVH (−)*N*118568362189566Age (years)61.8 ± 11.162.4 ± 11.460.5 ± 11.80.21261.9 ± 10.262.6 ± 10.80.484Medical history \[*n* (%)\] Hypertension1051 (88.7)61 (89.7)304 (84.0)0.226184 (97.4)502 (88.7)0.001 Diabetes489 (41.3)36 (52.9)122 (33.7)0.00395 (50.3)236 (41.7)0.040 Dyslipidemia918 (77.5)55 (80.9)268 (74.0)0.231156 (82.5)439 (77.6)0.140 Cardiovascular disease  MI80 (6.8)2 (2.9)20 (5.5)0.3758 (4.2)25 (4.4)0.915  Angina129 (10.9)7 (10.3)29 (8.0)0.53312 (6.3)66 (11.7)0.038  Congestive heart failure67 (5.7)1 (1.5)12 (3.3)0.4153 (1.6)23 (4.1)0.106  ASO43 (3.6)0 (0)7 (1.9)0.2489 (4.8)20 (3.5)0.447  Stroke147 (12.4)9 (13.2)32 (8.8)0.25813 (6.9)68 (12.0)0.048BMI (kg/m^2^)23.6 ± 3.824.5 ± 4.222.9 ± 4.10.00425.5 ± 3.623.4 ± 3.3\<0.001Blood pressure (mmHg) Systolic132.4 ± 18.1135.5 ± 19.6130.4 ± 18.50.043138.4 ± 19.2131.3 ± 16.8\<0.001 Diastolic75.9 ± 11.875.7 ± 12.874.6 ± 11.80.50978.1 ± 12.675.9 ± 11.40.027Pulse pressure (mmHg)56.5 ± 13.959.6 ± 16.155.8 ± 14.00.05160.3 ± 15.455.4 ± 12.9\<0.001Creatinine (mg/dl)2.18 ± 1.092.11 ± 1.091.79 ± 0.860.0082.62 ± 1.292.29 ± 1.060.001eGFR (ml/min/1.73 m^2^)28.61 ± 12.6324.4 ± 10.729.4 ± 13.30.00326.8 ± 13.129.2 ± 12.10.017Uric acid (mg/dl)7.21 ± 1.517.04 ± 1.356.88 ± 1.540.4247.50 ± 1.537.34 ± 1.470.216Urinary protein (mg/day)1.55 ± 2.132.46 ± 6.351.52 ± 2.200.2131.20 ± 1.521.23 ± 1.340.909Urinary albumin (mg/gCr)1064.4 ± 1512.31515.4 ± 1802.7916.0 ± 1534.20.0051456.7 ± 1720.6972.6 ± 1349.30.001Total chol (mg/dl)194.3 ± 43.6203.5 ± 56.9208.4 ± 42.80.428186.0 ± 41.4186.7 ± 40.40.839Non-HDL chol (mg/dl)140.7 ± 42.1149.8 ± 50.6147.6 ± 43.10.735138.6 ± 40.8135.9 ± 40.10.464LDL chol (mg/dl)110.6 ± 34.2120.5 ± 41.4117.7 ± 34.000.577108.7 ± 32.9105.5 ± 32.80.269HDL chol (mg/dl)53.9 ± 18.357.4 ± 18.161.5 ± 19.50.13846.6 ± 13.351.2 ± 17.20.002Triglyceride (mg/dl)170.3 ± 115.2174.8 ± 102.4157.9 ± 106.60.253202.4 ± 149.2166.8 ± 106.90.001Calcium (mg/dl)9.01 ± 0.558.94 ± 0.709.16 ± 0.500.0048.85 ± 0.658.98 ± 0.500.004Phosphorus (mg/dl)3.53 ± 0.693.95 ± 0.723.74 ± 0.600.0153.49 ± 0.783.35 ± 0.650.021iPTH (pg/ml)105.6 ± 83.7132.4 ± 117.0104.9 ± 80.80.019120.9 ± 94.597.2 ± 75.00.001CRP (mg/dl)0.27 ± 0.960.29 ± 0.500.20 ± 0.430.1230.35 ± 1.130.28 ± 1.170.536A1C (%)5.98 ± 0.936.11 ± 0.825.95 ± 1.020.2116.08 ± 1.075.94 ± 0.820.083Hemoglobin (g/dl)12.14 ± 1.8411.22 ± 1.9811.59 ± 1.440.07412.39 ± 2.0812.52 ± 1.850.394Medication \[*n* (%)\] Antihypertensive agent1095 (92.4)66 (97.1)317 (87.6)0.021184 (97.4)528 (93.3)0.037  ARB901 (76.0)51 (75.0)262 (72.4)0.617152 (80.4)436 (77.0)0.412  ACEI302 (25.5)23 (33.8)80 (22.1)0.03647 (24.9)152 (26.9)0.557  CCB685 (57.8)51 (75.0)172 (47.5)\<0.001136 (72.0)326 (57.6)0.001  β-Blocker315 (26.6)17 (25.0)48 (13.3)0.01351 (27.0)93 (16.4)0.002 Statin510 (43.0)20 (29.4)125 (34.5)0.52762 (32.8)220 (38.9)0.169 Diuretic403 (34.0)35 (51.5)106 (29.3)0.00175 (39.7)187 (33.0)0.110

On the other hand, higher proportions of male subjects with LVH had hypertension (97.4 vs. 88.7 %, *P* = 0.001) and DM (50.3 vs. 41.7 %, *P* = 0.04), and lower proportions had a past history of angina (6.3 vs. 11.7 %, *P* = 0.038) and stroke (6.9 vs. 12.0 %, *P* = 0.048). The group of male subjects with LVH had higher BMI (25.5 ± 3.6 vs. 23.4 ± 3.3 kg/m^2^, *P* \< 0.001), higher systolic BP (138.4 ± 19.2 vs. 131.3 ± 16.8 mmHg, *P* \< 0.001), higher pulse pressure (60.3 ± 15.4 vs. 55.4 ± 12.9 mmHg, *P* \< 0.001), lower eGFR (26.8 ± 13.1 vs. 29.2 ± 12.1 ml/min/1.73 m^2^, *P* = 0.017), and higher ACR (1456.7 ± 1720.6 vs. 972.6 ± 1349.3 mg/gCr, *P* = 0.001) than female subjects without LVH. Among the lipid parameters, male subjects with LVH had significantly lower serum HDL cholesterol level (46.6 ± 13.3 vs. 51.2 ± 17.2 mg/dl, *P* = 0.002) and higher serum triglyceride level (202.4 ± 149.2 vs. 166.8 ± 106.9 mg/dl, *P* = 0.001) than female subjects without LVH. Parameters of mineral metabolism showed the same trends in female subjects as in male subjects with LVH. Moreover, higher proportions of male than female subjects with LVH were being treated with β-blockers (27.0 vs. 16.4 %, *P* = 0.002).

Factors related to LVH {#Sec12}
----------------------

Table [5](#Tab5){ref-type="table"} shows that the factors associated with LVH were female sex (OR 1.78; 95 % CI 1.308--2.416; *P* \< 0.001), DM (OR 1.66; 95 % CI 1.254--2.186; *P* \< 0.001), dyslipidemia (OR 1.43; 95 % CI 1.007--2.040; *P* = 0.045), and hypertension (OR 3.73; 95 % CI 1.487--9.376; *P* = 0.005). Significant clinical factors associated with LVH were systolic BP (OR 1.23; 95 % CI 1.134--1.323; *P* \< 0.001), diastolic BP (OR 1.16; 95 % CI 1.031--1.306; *P* = 0.014), pulse pressure (OR 1.25; 95 % CI 1.137--1.380; *P* \< 0.001), eGFR (OR 0.98; 95 % CI 0.968--0.9991; *P* = 0.0004; Fig. [2](#Fig2){ref-type="fig"}a, b), BMI (OR 1.15; 95 % CI 1.110--1.199; *P* \< 0.0001; Fig. [3](#Fig3){ref-type="fig"}a, b), serum uric acid (OR 1.10; 95 % CI 1.002--1.202; *P* = 0.046), ACR (OR 1.55; 95 % CI 1.267--1.905; *P* \< 0.001), A1C (OR 1.17; 95 % CI 1.011--1.345; *P* = 0.035), serum levels of iPTH (OR 1.00; 95 % CI 1.001--1.005; *P* \< 0.001), HDL cholesterol (OR 0.98; 95 % CI 0.971--0.989; *P* \< 0.001), triglyceride (OR 1.00; 95 % CI 1.001--1.003; *P* \< 0.001), calcium (OR 0.56; 95 % CI 0.431--0.720; *P* \< 0.001) and phosphorus (OR 1.23; 95 % CI 1.004--1.515; *P* = 0.046), and prescription of antihypertensive agents (OR 3.51; 95 % CI 1.601--7.685; *P* = 0.002).Table 5Factors associated with LVMI (univariate logistic regression analysis)VariablesOR95 % CI*P* valueSex (female)1.781.308--2.416\<0.001Age (years)1.000.990--1.0150.690Smoking0.690.444--1.0640.092Menopause1.2690.858--1.8770.233Complications Diabetes1.661.254--2.186\<0.001 Dyslipidemia1.431.007--2.0400.045 Hypertension3.731.487--9.3760.005Medical history Hypertension0.910.648--1.2810.592 Cardiovascular disease0.720.518--1.0130.060  MI0.790.395--1.5990.519  Angina0.700.419--1.1700.174  Congestive heart failure0.400.142--1.1460.088  ASO1.210.562--2.6090.625  Stroke0.780.478--1.2570.302Blood pressure (mmHg) Systolic1.231.134--1.323\<0.001 Diastolic1.161.031--1.3060.014Pulse pressure (mmHg)1.251.137--1.380\<0.001BMI (kg/m^2^)1.151.110--1.199\<0.001eGFR (ml/min/1.73 m^2^)0.980.968--0.991\<0.001Uric acid (mg/dl)1.101.002--1.2020.046Urinary albumin (mg/gCr)1.551.267--1.905\<0.001A1C (%)1.171.011--1.3450.035Hemoglobin (g/dl)0.980.905--1.0520.520iPTH (pg/ml)1.001.001--1.005\<0.001Total chol (mg/dl)1.000.994--1.0010.163Non-HDL chol (mg/dl)1.000.997--1.0040.743LDL chol (mg/dl)1.000.997--1.0060.545HDL chol (mg/dl)0.980.971--0.989\<0.001Triglyceride (mg/dl)1.001.001--1.003\<0.001Calcium (mg/dl)0.560.431--0.720\<0.001Phosphorus (mg/dl)1.231.004--1.5150.046Medication Antihypertensive agent3.511.601--7.6850.002 Statin0.820.607--1.0980.179 ESA1.120.726--1.7320.605 Phosphate binder1.060.476--2.3480.892 Vitamin D0.800.438--1.4440.452*OR* odds ratio, *CI* confidence interval, *ESA* erythropoiesis-stimulating agent Fig. 2Relationship between estimated glomerular filtration rate (eGFR) and left ventricular mass index (LVMI) of patients with stage 3--5 CKD. **a** female; **b** male Fig. 3Relationship between body mass index (BMI) and left ventricular mass index (LVMI) of patients with stage 3--5 CKD. **a** Female; **b** male

As shown in Table [6](#Tab6){ref-type="table"}, the variables independently associated with LVH were past history of CVD (OR 0.574; 95 % CI 0.360--0.916; *P* = 0.020), systolic BP (OR 1.179; 95 % CI 1.021--1.360; *P* = 0.025), BMI (OR 1.135; 95 % CI 1.074--1.200; *P* \< 0.001), and serum calcium level (OR 0.595; 95 % CI 0.404--0.876; *P* = 0.009) by multivariate logistic regression analysis.Table 6Factors associated with LVMI (multivariate logistic regression analysis)VariablesOR95 % CI*P* valueSex (female)1.4840.939--2.3440.091Age (years)1.0070.986--1.0280.536Smoking0.6490.388--1.0870.101Complications Diabetes1.3940.876--2.2180.162 Dyslipidemia1.0470.644--1.7050.852 Hypertension0.8350.538--1.2950.421Medical history Cardiovascular disease0.5740.360--0.9160.020Blood pressure Systolic (10 mmHg)1.1791.021--1.3600.025 Diastolic (10 mmHg)1.0110.804--1.2550.923BMI (kg/m^2^)1.1351.074--1.200\<0.001eGFR (ml/min/1.73 m^2^)0.9930.974--1.0140.526Uric acid (mg/dl)1.0330.909--1.1740.621Urinary albumin (mg/gCr)0.9200.688--1.2310.574A1C (%)0.8670.681--1.1050.250iPTH (pg/ml)1.0000.997--1.0020.816HDL chol (mg/ml)0.9970.984--1.0100.621Triglyceride (mg/dl)1.0011.000--1.0030.108Calcium (mg/dl)0.5950.404--0.8760.009Phosphorus (mg/dl)1.2100.895--1.6370.216Medication Antihypertensive agent1.6360.607--4.4110.330*OR* odds ratio, *CI* confidence interval

As shown in Table [7](#Tab7){ref-type="table"}, the variables independently associated with LVH in diabetic patients were BMI (OR 1.110; 95 % CI 1.023--1.203; *P* = 0.012), serum triglyceride level (OR 1.002; 95 % CI 1.000--1.005; *P* = 0.043), and serum calcium level (OR 0.461; 95 % CI 0.273--0.777; *P* = 0.004) by multivariate logistic regression analysis.Table 7Factors associated with LVMI by diabetic CKD patients (multivariate logistic regression analysis)VariablesOR95 % CI*P* valueSex (female)0.9000.468--1.7290.718Age (years)1.0110.977--1.0460.543Smoking0.5180.243--1.1060.089Complications Dyslipidemia0.7500.359--1.5710.446 Hypertension0.9090.479--1.7250.771Medical history Congestive heart failure0.5410.275--1.0650.075Blood pressure Systolic (10 mmHg)1.1150.919--1.3530.271 Diastolic (10 mmHg)1.1220.819--1.5380.473BMI (kg/m^2^)1.1101.023--1.2030.012eGFR (ml/min/1.73 m^2^)1.0000.972--1.0290.995Uric acid (mg/dl)1.1490.949--1.3920.155Urinary albumin (log mg/gCr)0.9330.611--1.4240.747A1C (%)0.8260.631--1.0800.162iPTH (pg/ml)0.9980.995--1.0020.412HDL chol (mg/dl)0.9830.962--1.0050.139Triglyceride (mg/dl)1.0021.000--1.0050.043Calcium (mg/dl)0.4610.273--0.7770.004Phosphorus (mg/dl)1.1900.779--1.8170.421Medication Antihypertensive agent0.8770.236--3.2630.845*OR* odds ratio, *CI* confidence interval

As shown in Table [8](#Tab8){ref-type="table"}, the variables independently associated with LVH in non-diabetic patients were male gender (OR 2.453; 95 % CI 1.241--4.849; *P* = 0.010), systolic BP (OR 1.355; 95 % CI 1.076--1.707; *P* = 0.010), and BMI (OR 1.156; 95 % CI 1.063--1.257; *P* = 0.001) by multivariate logistic regression analysis.Table 8Factors associated with LVMI by non-diabetic CKD patients (multivariate logistic regression analysis)VariablesOR95 % CI*P* valueSex (female)2.4531.241--4.8490.010Age (years)0.9980.969--1.0270.884Smoking0.7250.343--1.5310.399Complications Dyslipidemia1.2010.599--2.4100.605 Hypertension0.8130.432--1.5290.520Medical history Congestive heart failure0.5440.275--1.0770.081Blood pressure Systolic (10 mmHg)1.3551.076--1.7070.010 Diastolic (10 mmHg)0.7930.562--1.1180.186BMI (kg/m^2^)1.1561.063--1.2570.001eGFR (ml/min/1.73 m^2^)0.9900.960--1.0200.509Uric acid (mg/dl)0.9010.747--1.0870.278Urinary albumin (log mg/gCr)1.0340.669--1.5990.880A1C (%)1.0840.498--2.3580.839iPTH (pg/ml)1.0010.998--1.0050.569HDL chol (mg/dl)1.0020.985--1.0190.806Triglyceride (mg/dl)1.0000.997--1.0030.904Calcium (mg/dl)0.8450.447--1.6000.606Phosphorus (mg/dl)1.1970.763--1.8770.434Medication Antihypertensive agent4.2130.542--32.7560.169*OR* odds ratio, *CI* confidence interval

Discussion {#Sec13}
==========

In the present cross-sectional study, we enrolled 2977 representative Japanese outpatients, most of whom had stage 3--5 CKD. These 2977 outpatients were being treated by nephrologists and were receiving a good standard of care. UCG was performed in 1185 of them. The UCG carried out was not intended to evaluate selected patients with cardiac complications, but was performed consecutively for evaluation of cardiac function in representative participants in the CKD-JAC study, if they provided informed consent. The prevalence of LVH in the present study was much lower than that reported in previous studies in the general population. The participants in the CKD-JAC study may be better treated by nephrologists. Alternatively, cardiologists could treat more severe cases. The majority of the study subjects had hypertension and proteinuria or albuminuria on enrollment, but systolic and diastolic BP were normal (132/76 mmHg). More than 90 % of the subjects were being treated with antihypertensive agents (*n* = 1095, 92.4 %), including ACE inhibitors (*n* = 302, 25.5 %) and/or ARBs (*n* = 901, 76.0 %). The prevalence rates of pre-existing CVD, i.e., congestive heart failure (5.7 %), myocardial infarction (6.8 %), and stroke (12.4 %), were higher than in the general Japanese population \[[@CR18]\]. DM was present in 41.3 % of the study subjects, and more than one-third of enrolled subjects had CKD secondary to glomerulonephritis.

The results of the present study provided information on the prevalence of LVH and factors associated with LVH in stage 3--5 CKD patients in the CKD-JAC study. In the CKD-JAC study, LVH was observed in a small population (21.7 %) of the 1185 study subjects, whereas LVMI tended to increase with the progression of CKD. CKD patients have a high prevalence of LVH, ranging from 34 to 74 % in different studies, and its prevalence increases as renal function declines \[[@CR10], [@CR12], [@CR19], [@CR20]\]. However, the relatively wide heterogeneity of the prevalence of LVH in different studies can be attributed to several differences in the characteristics of the populations studied, including differences in ethnicity, age, proportion of subjects with different stages of CKD, prevalence of hypertension, method chosen to evaluate GFR, cut-off GFR used to enroll patients, and definition of LVH.

Elevated systolic BP has a continuous, graded, and independent association with risk of coronary heart disease, stroke, and ESKD \[[@CR21]\]. LVH might be a beneficial compensatory process in CKD patients, allowing the left ventricle to produce additional force to increase cardiac work and maintain constant wall tension \[[@CR22]\]. Even though mean systolic BP was well controlled (132.4 ± 18.1 mmHg), systolic BP was higher in patients with LVH than in patients without LVH in the present study. According to multivariate logistic regression analysis, systolic BP was an independent variable associated with LVH. Recently, it was reported that systolic arterial hypertension and elevated pulse pressure are closely associated with LVH in pre-dialysis patients, suggesting that fluid overload and increased arterial stiffness play important roles in LVH before starting dialysis therapy \[[@CR12]\]. Fluid volume management and maintenance of a near euvolemic state are crucial for the amelioration of LVH \[[@CR23]\].

After adjusting for several potential confounders, multivariate logistic regression analyses showed that the presence of a previous CVD was significantly associated with LVH. The potential explanations for how the CKD state can accelerate atherosclerosis and cause CVD have been of considerable interest in clinical practice. The 4 basic explanations are: (1) uncontrolled confounding, or the impact of comorbidities that occur in CKD patients, especially older age; (2) therapeutic nihilism, meaning CKD patients receive lesser degrees of cardioprotective therapies; (3) excess treatment toxicities, intolerances, or risks such that therapy cannot be used or offers a less favorable benefit-to-risk ratio; and (4) a unique vascular pathobiology that occurs in the CKD state \[[@CR24]\]. By using the large sample size of the Kidney Early Evaluation Program (KEEP), McCullough et al. \[[@CR25]\] demonstrated in stratified analysis that the presence of CKD in young adults was clearly related to premature CVD. These findings suggest the biological changes that occur with CKD promote CVD at an accelerated rate that cannot be fully explained by conventional risk factors or older age.

In accordance with the theory of non-hemodynamic LVH-promoting factors in our CKD patients, BMI was found to be a factor that was independently associated with LVH. Obesity is thought to be a risk factor independent of LVH, and heart disorders in obesity include structural adaptation with LVH and functional abnormalities \[[@CR26]\]. Kotsis et al. \[[@CR27]\] reported that obesity and daytime pulse pressure are predictors of LVH in true normotensive individuals. In hypertensive obese patients, metabolic syndrome (MetS) maintains its role as a risk factor for LVH independently of age and systolic BP and is a useful predictor of target organ damage in clinical practice \[[@CR28]\]. However, MetS is no longer an independent risk factor when BMI is taken into account, suggesting that the effects of MetS on LVH are mainly driven by the degree of abdominal adiposity.

Currently, information about sex differences in renal abnormalities and CVD in healthy individuals is limited and conflicting. In the Prevention of Renal and Vascular End-Stage Disease (PREVEND) study, the prevalence of microalbuminuria in men was almost double that observed in women, and for a higher value of age and BMI was greater in men than in women \[[@CR29]\]. In addition, the presence of CKD has been found to be associated with an increased risk of cardiovascular events \[[@CR30]\] and of cardiovascular death \[[@CR31]\] in both women and men having different degrees of cardiovascular risk or already having CVD. A recent study has shown that logistic regression analysis demonstrated that the factors significantly associated with the prevalence of LVH were age and BMI in women and uric acid in men \[[@CR32]\]. In the present study, men were significantly associated with LVH in non-diabetic CKD patients. In our cohort, men had higher prevalence of classical cardiovascular risk factors including hypertension, past history of previous CVD, hyperuricemia, and lower HDL cholesterol, suggesting that classical cardiovascular risk factors may be associated with LVH in men with non-diabetic CKD.

Various abnormalities of mineral--bone metabolism are common in CKD patients, and mineral metabolism disorders such as hypocalcemia, hyperphosphatemia, and vitamin D deficiency have been found to be closely associated with CVD in CKD patients \[[@CR33]\]. The mean serum calcium and phosphorus levels in the subjects of the present study were within the normal ranges, but differed between the groups with and without LVH. Serum iPTH level was elevated in patients with LVH and differed from that in the group without LVH. Hypocalcemia was associated with LVH by multivariate logistic regression analysis. Although its mechanism is not completely known, hypocalcemia followed by vitamin D deficiency may be associated with the pathogenesis of LVH. The results of the present study suggested that disorders of mineral metabolism may be involved in the etiology of LVH.

In conclusion, the results of this study showed that the prevalence of LVH was low in stage 3--5 CKD patients treated by nephrologists in Japan. The cross-sectional baseline data from the CKD-JAC study shed light on the association between LVH and risk factors in patients with decreased renal function. Differences in the presence of previous CVD, blood pressure control, and metabolic state may lead to different outcomes of CVD in a longitudinal study. Future analysis of the CKD-JAC cohort will clarify whether the incidence of LVH varies with the causative disease during further follow-up.
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